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(57) ABSTRACT

Aspects of a method and system for etficient transmission and
reception of RF energy in MIMO systems using polar modu-
lation and direct digital frequency synthesis are provided. A
plurality of carrier signals 1n a MIMO system may be polar
modulated utilizing polar modulation. One or more direct
digital frequency synthesizer may be utilized to phase modu-
late the plurality of carrier signals. The direct digital fre-
quency synthesizer may be modulated utilizing a single ret-
erence clock. The clock may be a single fixed-frequency
reference clock. The plurality of carrier signals may be ampli-
tude modulated by controlling a gain of a power amplifier.
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METHOD AND SYSTEM FOR EFFICIENT
TRANSMISSION AND RECEPTION OF RF
ENERGY IN MIMO SYSTEMS USING POLAR
MODULATION AND DIRECT DIGITAL
FREQUENCY SYNTHESIS

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

Not applicable

FIELD OF THE INVENTION

Certain embodiments of the invention relate to wireless
communication. More specifically, certain embodiments of
the invention relate to a method and system for efficient

transmission and reception of RF energy in MIMO systems
using polar modulation and direct digital frequency synthesis.

BACKGROUND OF THE INVENTION

In most current wireless communication systems, nodes in
a network may be configured to operate based on a single
transmit and a single receive antenna. However, for many of
these current wireless systems, the use of multiple transmit
and/or recerve antennas may result in an improved overall
system performance. These multi-antenna configurations
may be utilized to reduce the negative effects that multi-path
and/or signal interference may have on signal reception.
Existing systems and/or systems which are being currently
deployed, for example, CDMA-based systems, TDMA-
based systems, WLAN systems, and OFDM-based systems
such as IEEE 802.11a/g/n, may benefit from configurations
based on multiple transmit and/or receive antennas. It 1s
anticipated that multiple antenna techniques may be increas-
ingly utilized in connection with the deployment of base
station inirastructure and mobile subscriber units 1n cellular
systems to address the increasing capacity demands being
placed on those systems. These demands arise, 1n part, from a
shift underway from current voice-based services to next-
generation wireless multimedia services that provide voice,
video, and data communication.

Theutilization of multiple transmit and/or receive antennas
1s designed to introduce a diversity gain and array gain and to
suppress interference generated within the signal reception
process. Such diversity gains improve system performance by
increasing received signal-to-noise ratio, by providing more
robustness against signal interference, and/or by permitting,
greater frequency reuse for higher capacity. In communica-
tion systems that incorporate multi-antenna receivers, a set of
M receive antennas may be utilized to null the effectof (M-1)
interferers. Accordingly, N signals may be simultaneously
transmitted in the same bandwidth using N transmit antennas,
with the transmitted signal then being separated into N
respective signals by way of a set of N antennas deployed at
the receiver. Systems that utilize multiple transmit and mul-
tiple recerve antenna may be referred to as multiple-input
multiple-output (MIMO) systems. One attractive aspect of
multi-antenna systems, 1n particular MIMO systems, 1s the
significant increase 1n system capacity that may be achieved
by utilizing these transmission configurations. For a fixed
overall transmitted power, the capacity offered by a MIMO
configuration may scale with the increased signal-to-noise
ratio (SNR).

However, the widespread deployment of multi-antenna
systems 1n wireless communications, particularly in wireless
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handset devices, has been limited by, among other things,
increased power consumption, increased size, increased com-
plexity, and increased cost. These limitations are a direct
result of the need to provide a separate RF chain for each
transmit and receive antenna of multi-antenna systems. Each
RF receive chain generally comprises a tuner/filter, down-
converter, and an analog to digital converter. Each RF trans-
mit chain generally comprises at least one oscillator, modu-
lator, and amplifier. It 1s therefore apparent that as the number
of transmit and recerve antennas increases, the size, complex-
ity, power consumption, and overall cost may increase.

As stated above, an RF transmitter may comprise at least
one modulator. This modulator may perform a modulation
scheme which requires impressing both phase and amplitude
information onto a carrier. These modulation schemes have
traditionally been performed using quadrature modulation
whereby an in-phase carrier (1) and a quadrature carrier (Q)
are amplitude modulated and then combined prior to trans-
mission. In this manner, when using quadrature modulation,
the amplitude modulation and phase modulation occur simul-
taneously. From the preceding discussion, 1t may be seen that
quadrature modulation make use of Cartesian coordinates x
and y, wherein the x axes 1s the I (in-phase) axis and the y axis
1s the Q (quadrature) axis.

In operation, an RF transmaitter and/or receiver may require
signals at a multitude of frequencies. Traditionally these sig-
nals are generated through the use of voltage controlled oscil-
lators (VCO) and phase locked loops (PLL). One drawback of
using VCO and PLL for frequency generation is that these
circuits have a relatively narrow range of operating frequen-
cies. The narrow range of operation often results 1n the need
for many VCO and/or PLL 1n a single receiver or transmaitter.

Further limitations and disadvantages of conventional and
traditional approaches will become apparent to one of skill in
the art, through comparison of such systems with some
aspects of the present invention as set forth 1n the remainder of

the present application with reference to the drawings.

BRIEF SUMMARY OF THE INVENTION

A system and/or method 1s provided for efficient transmis-
sion and reception of RF energy in MIMO systems using
polar modulation and direct digital frequency synthesis, sub-
stantially as shown 1n and/or described 1n connection with at
least one of the figures, as set forth more completely 1n the
claims.

These and other advantages, aspects and novel features of
the present invention, as well as details of an illustrated
embodiment thereot, will be more fully understood from the
following description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1 1s graph illustrating the relationship between Car-
tesian coordinates and polar coordinates, 1n connection with
an embodiment of the mvention

FIG. 2 1s a block diagram of a MIMO system, in accor-
dance with an embodiment of the invention

FIG. 3 1s a block diagram of a transmitter, 1n accordance
with an embodiment of the invention.

FIG. 4 1s a block diagram of a direct digital frequency
synthesizer utilized for transmitting polar modulated signals
in a MIMO system, 1n accordance with an embodiment of the
invention

FIG. 5 1s block diagram of arecerver, in accordance with an
embodiment of the mnvention.




US 7,936,833 B2

3

FIG. 6 1s a block diagram of a direct digital frequency
synthesizer utilized for receiving signals 1n a MIMO system,

1n accordance with an embodiment of the invention
FIG. 7 1s a block diagram of a TDD MIMO system, in
accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE

INVENTION

Certain embodiments of the mvention may be found 1n a
method and system for efficient transmission and reception of
RF energy in MIMO systems using polar modulation and
direct digital frequency synthesis. A plurality of carrier sig-
nals mm a MIMO system may be polar modulated utilizing
polar modulation. A direct digital frequency synthesizer may
be utilized to phase modulate the plurality of carrier signals.
The direct digital frequency synthesizer may be modulated
utilizing a single reference clock. The clock may be a single
fixed-frequency reference clock. The plurality of carrier sig-
nals may be amplitude modulated by controlling a gain of a
power amplifier. Aspects of the invention may comprise using,
polar modulation 1n a MIMO system to improve, for example,
the power elliciency of the system.

FIG. 1 1s graph 1illustrating the relationship between Car-
tesian coordinates and polar coordinates, in connection with
an embodiment of the invention. Polar modulation 1s related
to quadrature modulation in the same way that the polar
coordinate system 1s related to the Cartesian coordinate sys-
tem. In a Cartesian coordinate system, a point, P, 1s repre-
sented by two signals of amplitudes I and Q respectively. With
quadrature modulation 1t 1s often difficult to separate phase
modulation from amplitude modulation and, as a result, the
combined I and QQ signal going to an amplifier has non-
constant amplitude. Thus, signals generated with quadrature
modulation often require linear amplifiers for transmission in
order to preserve the integrity of the varying amplitude signal.
This need for linear power amplifiers may result in increased
power consumption due to the larger conduction angles of
linear power amplifiers. Furthermore, quadrature modulation
also lead to 1increased power consumption and increased cir-
cuit size due to the need to process two signals, I and Q, 1n
parallel.

In a polar coordinate system the same point, P, 1s repre-
sented by only one signal with magnitude R and a phase 0.
Polar modulation makes use of a polar coordinate system,
wherein a signal 1s represented by a magnitude R and a phase
0, allowing phase modulation and amplitude modulation to be
performed independently. In this way, a polar modulated sig-
nal may be generated with one phase change and one ampli-
tude change of one carrier signal. Conventionally, use of polar
modulation been limited by, among other things, 1nability of
frequency generation circuits such as voltage controlled
oscillators (VCO) and phase locked loops (PLL) to respond
fast enough to phase and frequency changes.

In regards to phase modulating a signal, use of a direct
digital Ifrequency synthesizer (DDFS), such as the one
described in FIG. 3, may overcome some of the limitations of
traditional analog circuits. However, direct digital frequency
synthesizers have traditionally been of limited use for RF
modulation due to a need for a reference clock that 1s roughly
two times the Ifrequency being generated. In this regard,
recent advancements 1n semiconductor processing technol-
ogy, including CMOS processes with feature sizes down to 45
nm, have made 1t possible to generate reference clocks on the
order ol 10°s of GHz and higher. This ability to generate super
high frequency clocks enables the DDFES to generate signals
on the order 10°s of GHz and higher, with accuracy on the

order of 1 Hz.
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FIG. 2 1s a block diagram of a MIMO system 200 1n
accordance with an embodiment of the invention. Referring
to FIG. 2, the MIMO system 200 may comprise one or more
RF transmit blocks 202,, . . ., 202,, one or more transmit
antennas 206, . .., 206, one or more RF receive antennas
208, . . ., 208,,., and one or more RF receive blocks
212, ..., 212, . For example, the system 200 may comprise
a number of transmit blocks Y; and each transmit block may
output a signal T, which may be transmitted by Y transmut
antennas. The system 200 may further comprise a number of
receive blocks M, which may receive signals from MxN
antennas and each receive block may operate on a number of
received signals N and output a data stream D.,.

The RF transmit blocks 202, ..., 20, may each comprise
suitable logic, circuitry and/or code that may enable process-
ing of one or more signals which may then be transmitted. In
one embodiment of the invention, the RF transmit blocks
202, . . ., 202, may comprise a direct digital frequency
synthesizer which may be utilized to phase modulate one or
more signals. Further details of the transmit block 202 may be
illustrated in FIG. 3.

The transmit antennas 206, . . ., 206,-may comprise suit-
able logic, circuitry, and/or code that may enable transmis-
sion ol a plurality of signals 1n a wireless system. In one
embodiment of the invention, the antennas 206, . . ., 206,
may enable transmission of a plurality of polar modulated
signals recerved from the transmit blocks 202.

The RF recetve blocks 212, ..., 212, may comprise logic,
circuitry and/or code that may enable processing of a plurality
of recerved signals. In one embodiment of the invention, the
RF recerve blocks 212, ..., 212, ,may comprise one or more
direct digital frequency synthesizers which may generate sig-
nals for down-conversion and demodulation of the received
signals. Further details of the receive blocks 212 may be
illustrated in FIG. 5.

The recetve antennas 208, . . . , 208, ., may comprise
suitable logic, circuitry, and or code that may enable receiving,
a plurality of signals 1n a wireless system. In one embodiment,
the recetve antennas 208, . . ., 208, .-may enablereception of
a plurality of polar modulated signals which are then pro-
cessed by the receive block 212.

FIG. 31s a block diagram of a RF transmitter, in accordance
with an embodiment of the invention. FIG. 3 comprises one
embodiment of the RF transmuit block 202, as described FIG.
2. The RF transmit block 202 may comprise a DDFES block
302, a reference clock 304, an amplifier 306, and a processor
308.

The DDFS block 302 may comprise suitable logic circuitry
and/or code that may enable generation of signals, such as
X'}, based on a digital control word, Q, and a signal {, -from
the reference clock 304. The control word may be generated
by the processor 308. FIG. 4 illustrates details of an exem-
plary DDFS block utilized to generate signals for transmitting
in a MIMO system.

The reference clock 304 may comprise suitable logic cir-
cuitry and/or code that may enable generation of a reference
signal, I, foruse by other blocks in a MIMO system, such as
system 200 of FIG. 2. In one embodiment of the invention, the
reference clock 304 may comprise a single crystal oscillator
circuit, which may be enabled to provide a reference signal to
the DDFS block 302.

The amplifier 306 may comprise suitable logic, circuitry,
and/or code that may enable driving signals, such as X', to
one or more transmit antennas as shown in the system 200. In
one embodiment of the invention, the amplifier 306 may
enable amplification and amplitude modulation of one or
more phase modulated signals.




US 7,936,833 B2

S

The processor 308 may comprise suitable logic, circuitry,
and/or code that may enable processing of signals for trans-
mission in a system such as the system 200. The processor
308 may provide a digital control word to DDFS block 302
and may control a gain of amplifier 306.

In operation, the DDFS block 302 may modulate informa-
tion contained 1n data streams D, onto one or more signals by
generating one or more phase modulated carriers X', . Addi-
tionally, the amplifiers 306 may operate on X', and may
modulate information from data streams D, onto X', by per-
forming amplitude modulation and outputting signal X", .
This amplitude modulation may be performed by varying the
gain of the amplifier 306. In this manner, the RF transmit
block may enable transmission of RF signals using polar
modulation.

FIG. 4 1s a block diagram of a direct digital frequency
synthesizer utilized in transmitting polar modulated signals 1n
a MIMO system, 1n accordance with an embodiment of the
invention. Referring to FIG. 4, the DDFS block 302 may

comprise an accumulator 402 and a digital to analog conver-
sion (DAC) block 404.

The accumulator 402 may comprise suitable logic, cir-
cuitry, and/or code that may enable successively adding a
control word Q) to a value stored 1n the accumulator on each
cycle of a reference clock. The accumulator may recerve the
control word Q from a processor, such as the processor 308
described FIG. 3. The accumulator 402 may also receive a
signal ,_-from a reference clock such as the reterence clock
304 described in FIG. 3. In this regard, the control word Q and
the reference signal {, . may determine a phase and/or a fre-
quency of the output signals X', ..., X',

The DAC block 404 may comprise suitable logic, circuitry,
and and/or code that may enable output of a signal of varying
phase, frequency, or amplitude. In one embodiment, the DAC
block 404 may comprise a number of lookup tables used to
generate output signals, which may drive one or more power
amplifiers, such as the amplifiers 306, ..., 306 described 1n
FIG. 3.

In operation, the DDFS block 302 may be a digitally-
controlled signal generator that may vary a phase, a ire-
quency, and/or an amplitude of one or more output signals
based on a single fixed-frequency reference clock of fre-
quency 1, 5 and a control word Q. In operation, the control
word Q may be provided to the accumulator 402, and may be
successively added to a value stored in the accumulator on
cach cycle of the reference clock. In this manner, the sum will
eventually be greater than the maximum value the accumu-
lator may store, and the value in the accumulator may over-
flow or “wrap”. Accordingly, an N-bit accumulator will over-
flow at a frequency I given by EQ. 1.

fo ot/ /2% EQ. 1

In this manner, the output of the accumulator, 0, will be
periodic with period 1/f and may represent the phase angle of
a signal. Providing this phase angle to the DAC block may
then allow generation of one or more signals of varying phase,
frequency and amplitude. In this regard, the DDFS block 302
1s well suited as a frequency generator that outputs one or
more sine waves or other periodic wavelorms over a large
range of frequencies, from almost DC to approximately half
the reference clock frequency 1, .

FIG. 5 1s block diagram of a receiver in accordance with an
embodiment of the mvention. FIG. 5 comprises one embodi-
ment of the RF receive block 212, as described FIG. 2. The RF
receive block 212 may comprise a processor 510, a DDFS
block 512, a reference clock 514, one or more tuner/filter
blocks 502, . . ., 502,, one or more amplifier blocks
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504, . . ., 504,, one or more down-conversion blocks
506, . .., 506,, one or more analog to digital conversion
(ADC) blocks 508, ...,508,.

The processor block 510 may comprise logic, circuitry,
and/or code that may provide signals to the tuner/filter blocks
502, ..., 502,, the amplifier blocks 504, . . ., 504, the
down-conversion blocks 506, . . ., 506,, the analog to digital
conversion (ADC) blocks 508, . . ., 508,, the DDFES block
512, and the reference clock 514.

The DDFS block 512 may comprise suitable logic, cir-
cuitry, and/or code that may enable the generation of one or
more signals to be used in processing signals. In one embodi-
ment, the DDFES block 5312 may receive a control signal from
processor 510 and a reference clock 514. In this regard, the
DDEFES block 512 may be similar to or the same as the DDFS
block 302 described in FIGS. 3 and 4.

The reference clock 514 may comprise logic, circuitry,
and/or code that may enable generation of a reference signal.
In one embodiment, the reference clock 514 may be utilized
by the DDFS block 512 1n generating of signals of varying
phase, frequency, and amplitude. In this regard, the reference
clock 514 may be similar to or the same as the reference clock
304 shown 1n FIGS. 3 and 4.

The tuner/filter blocks 502, .. ., 502,,may comprise logic,
circuitry, and/or code that may enable tuning to a desired
frequency band and filtering out unwanted signals. In one
embodiment, the tuner/filter blocks 502, . . ., 502, may
receive one or more signals from processor 510 and from the
DDEFES block 512 to enable filtering/tuning of received sig-
nals.

The amplifier blocks 504, ..., 504,,may comprise logic,
circuitry, and/or code that may enable amplification of one or
more signals recerved from a plurality of antennas. In one
embodiment, the amplifier blocks 504, ..., 504, may receive
one or more signals from the processor 510 and from the
DDFS block 312 to enable amplification and amplitude
modulation of one or more received signals.

The ADC blocks 508, . . ., 508, may comprise logic,
circuitry, and/or code that may enable digitization and or
demodulation of one or more received signals. In one embodi-
ment, ADC blocks 508, . . ., 508, may receive signals from
the processor 510 and from the DDFS block 512 to enable
analog to digital conversion and demodulation of recerved
signals.

In operation, the recerver 212 may recerve a plurality of
signals from receive antennas, such as the receive antennas
208, ..., 208, shown in FIG. 2. Processing this plurality of
received signals may require a large number and a wide range
of frequencies, which may be generated by the DDFES block
512. One advantage of using DDFS block 512 1s the ability of
a DDFS block 512 to generate one or more signals, ranging in
frequency from almost DC to approximately half the refer-
ence clock frequency, with high resolution. Another advan-
tage of DDFS block 512 1s that it may enjoy benefits associ-
ated with digital circuitry including scalability.

FIG. 6 1s a block diagram of a direct digital frequency
synthesizer utilized 1n recerving signals 1n a MIMO system 1n
accordance with an embodiment of the invention. Referring
to FIG. 6, the DDFS block 512 may comprise an accumulator
602 and one or more digital to analog conversion (DAC)
blocks 604, . .., 604...

The accumulator 602 may comprise suitable logic, cir-
cuitry, and/or code that may enable successively adding Q to
a value stored 1n the accumulator on each cycle of a reference
clock. The accumulator 602 may receive a control word from
a processor, for example, the processor 308 described FI1G. 3,
and may also receive a signal 1, . from the reference clock,
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such as the reference clock 304 described 1n FIG. 3. In this
regard, the control word Q and the reterence signal 1, .may
determine a phase and/or a frequency of the output signal X', .

The DAC blocks 604, . . ., 604, may comprise suitable
logic, circuitry, and and/or code that may enable output of one
or more signals of varying phase, frequency, or amplitude. In
one embodiment, the DAC blocks 601, ..., 601, may com-
prise one or more lookup tables that may be used to generate
output signals, the latter of which may drive one or more
blocks 1 a receive chain such as the tuner/filter blocks
502, ...,502,, the amplifier blocks 504, . .., 504, and the
ADC blocks 508, . . ., 508, described 1n FIG. 5.

In operation, the DDFS block 512 generates signals in the
same fashion as the DDFS block 302 described 1n FIG. 4.
However, the DDFS block 512 may comprise one or more
additional DAC blocks as compared to DDFS block 302. The
multiple DAC blocks may enable the DDFS block 512 to

generate multiple signals using a single accumulator. In one
embodiment of the mvention, the DDFS block 512 may
ecnable generation of pairs of signals wherein each pair of
generated signals may comprise signals that are 90° out of
phase with each other. In this manner, the DDFS block 512
may generate local oscillator signals for quadrature down-
conversion of recerved signals.

FIG. 7 1s a block diagram of a time division duplexed

(TDD) MIMO system, 1n accordance with an embodiment of
the invention. Referring to FIG. 7 a TDD MIMO system 700
may comprise an mstance of the DDFS block 302, one or
more 1nstances of the DDFES block 512, a plurality of the
receiver block 212, a plurality of the transmit block 202, and
a multiplexer 702.

The multiplexer 700 may comprise suitable logic, cir-
cuitry, and/or code that may enable routing signals from the
DDEFES block 302 to the plurality of recerve blocks 212 or to
the transmit block 202, based on one or more control signals
Tx/Rx mode. The remaining components of F1G. 7 are similar
to and operate in the manner similar to that which 1s described

with respect to FI1G. 1 through FIG. 6.

In operation, the TDD system has Z transmit channels and
M recerve channels, however, since the system 1s either trans-

mitting or recerving and not doing both simultaneously, then
the system 700 may require only Z DDFS blocks. The DDFS
outputs may be routed to the appropriate transmit or receive
blocks utilizing by the multiplexer 701, and the appropnate
path through the multiplexer may be selected by a control
signal, Tx/Rx mode. In one embodiment of the mmvention,
when the system 1s transmitting, the DDFS block 302 may be
utilized to generate reference signals for the transmit block
202,, and when the system 1s receiving, the DDFS block 302
may be utilized to generate reference signals for the plurality
of recerve blocks 212, ..., 212, . In various other embodi-
ments of the invention, one of more of the DDES blocks 512
may be multiplexed and used to generate one or more refer-
ence signals for the plurality of receive blocks 212, ...,212, .

Aspects of the invention may be found 1n a method and
system for transmitting a plurality of signals 1n a multiple-
input-multiple-output (IMIMO) system using polar modula-
tion, that 1s, the signals are separately phase modulated and
amplitude modulated. In this regard, one or more direct digi-
tal frequency synthesizers such as DDFS block 302 may
enable phase modulation of these carrier signals. A gain of
one or more amplifiers may be controlled so as to enable
amplitude modulation of the phase modulated signals. In
generating the phase modulated signals, the DDFS block 302
may use one or more reference clock signals. In this regard,
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the DDFS block 302 may utilize a single reference clock
comprising, for example a fixed frequency, to generate all
necessary signals.

Further aspects of the mmvention may be found 1n a method
and system for recerving a plurality of signals 1n a multiple-
input-multiple-output (MIMO) system DDFS block 302 to
generate one or more reference frequencies, such as local
oscillator (LO) frequencies. In this regard, one or more direct
digital frequency synthesizers such as DDFS block 302, may
enable down-conversion and demodulation of the recerved
signals. In generating the reference signals the DDFS block
302 may use one or more reference clock signals. In this
regard, the DDFS block 302 may utilize a single reference
clock comprising, for example a fixed frequency, to generate
all necessary signals.

Accordingly, the present invention may be realized 1n hard-
ware, software, or a combination of hardware and software.
The present invention may be realized 1n a centralized fashion
in at least one computer system, or 1n a distributed fashion
where different elements are spread across several intercon-
nected computer systems. Any kind of computer system or
other apparatus adapted for carrying out the methods
described herein 1s suited. A typical combination of hardware
and software may be a general-purpose computer system with
a computer program that, when being loaded and executed,
controls the computer system such that it carries out the
methods described herein.

The present mnvention may also be embedded 1n a computer
program product, which comprises all the features enabling
the implementation of the methods described herein, and
which when loaded 1n a computer system 1s able to carry out
these methods. Computer program in the present context
means any expression, in any language, code or notation, of a
set of instructions intended to cause a system having an infor-
mation processing capability to perform a particular function
either directly or after either or both of the following: a)
conversion to another language, code or notation; b) repro-
duction 1n a different material form.

While the present invention has been described with refer-
ence to certain embodiments, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted without departing from the
scope ol the present 1invention. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the present ivention without departing
from 1ts scope. Therefore, 1t1s intended that the present inven-
tion not be limited to the particular embodiment disclosed,
but that the present invention will include all embodiments
talling within the scope of the appended claims.

What 1s claimed 1s:

1. A method for processing wireless signals, the method
comprising;

performing by one or more circuits and/or processors 1n a

multiple-input-multiple-output (MIMO) system:
generating a plurality of reference signals via a plurality
of direct digital frequency synthesizers, wherein one
or more of said direct digital frequency synthesizers
comprises a single accumulator and a plurality of
digital to analog converters; and
processing received and/or to-be-transmitted signals
using said generated plurality of reference signals,
wherein:
for processing said recerved signals, ones of said ret-
erence signals that are generated by a first portion
of said direct digital frequency synthesizers are
coupled, via a multiplexer, to a plurality of recerve
chains of said MIMO system; and
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for processing said to-be-transmitted signals, said
ones of said reference signals that are generated by
a first portion of said direct digital frequency syn-
thesizers are coupled, via said multiplexer, to a
transmit chain of said MIMO system.

2. The method according to claim 1, wherein said first
portion of said direct digital frequency synthesizers com-
prises a single direct digital frequency synthesizer.

3. The method according to claim 1, wherein: each of a
plurality of transmuit chains of said MIMO system 1s driven by
a different one of said plurality of said direct digital frequency
synthesizers.

4. The method according to claim 1, comprising down-
converting said received signals utilizing one or more of said
plurality of reference signals.

5. The method according to claim 4, comprising demodu-
lating said down-converted received signals utilizing one or
more of said plurality of reference signals.

6. A system for processing wireless signals, the system
comprising:

one or more circuits for use in a MIMO system, said one or

more circuits comprising a plurality of direct digital

frequency synthesizers and a multiplexer, wherein:

one or more of said direct digital frequency synthesizers
comprises a single accumulator and a plurality of
digital to analog converters;

a plurality of reference signals are generated by said
plurality of direct digital frequency synthesizers; and
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said one or more circuits are operable to process

received and/or to-be-transmitted signals using said

generated plurality of reference signals, wherein:

for processing said recerved signals, ones of said ret-
erence signals that are generated by a first portion
of said direct digital frequency synthesizers are
coupled, via said multiplexer, to a plurality of
receive chains of said MIMO system; and

for processing said to-be-transmitted signals, said
ones of said reference signals that are generated by
a first portion of said direct digital frequency syn-
thesizers are coupled, via said multiplexer, to a
transmit chain of said MIMO system.

7. The system according to claim 6, wherein said first
portion of said direct digital frequency synthesizers com-
prises a single direct digital frequency synthesizer.

8. The system according to claim 6, wherein: each of a
plurality of transmait chains of said MIMO system 1s driven by
a different one of said plurality of said direct digital frequency
synthesizers.

9. The system according to claim 6, wherein said one or
more circuits 1s operable to down-convert said recerved sig-
nals utilizing one or more of said plurality of reference sig-
nals.

10. The system according to claim 9, wherein said one or
more circuits 1s operable to demodulate said down-converted
received signals utilizing one or more of said plurality of
reference signals.
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